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(57) ABSTRACT

An 1nformation display unit 1s provided inside a cab of a
hydraulic excavator and has a display portion capable of
displaying plural kinds of information including body infor-
mation and maintenance information. A screen 1mage has
onc main screen and a plurality of sub-screens. The main
screen displays information regarding one of a plurality of
information categories 1n detail and the plurality of sub-
screens respectively correspond to th plurality of informa-
tion categories. The mnformation category displayed on the
main screen can be selected and changed with key manipu-
lation made on an operating portion. As a result, plural kinds
of information can be displayed 1n a combined and selective
manner, and an operator 1s able to confirm the information
with higher efficiency.
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INFORMATION DISPLAY DEVICE AND
DISPLAY CONTROL DEVICE FOR
CONSTRUCTION MACHINE

TECHNICAL FIELD

The present 1nvention relates to an information display
unit for a construction machine and a display control unit.
More particularly, the present invention relates to an infor-
mation display unit for a construction machine, which 1is
provided 1n a cab of the construction machine and 1s capable
of displaying plural kinds of mformation such as body
information and maintenance information, as well as to a
display control unit for the mformation display unait.

BACKGROUND ART

Recently, construction machines including hydraulic
excavators, cranes, tunnel excavators, crushers for wood,
rocks, etc., or soil amending machines for amending the
contaminated soil and the soil in sterile land have been
practiced 1n the more advanced electronic form with further
improvements of performance and an 1ncrease of functions.
Also, for the purpose of facilitating management of body
information, increasing the work efficiency, or improving
maintenance, electronic control units have been developed
and mounted for each of various functions. Those electronic
control units have respective devices for providing informa-
tion to an operator. In other words, the functions and number
of mformation providing devices provided in a cab have
been 1ncreased. This gives rise to problems 1n that a burden
imposed on the operator 1s increased with an increase 1 the
number of items of information and more complicated
manipulation, that 1t becomes difficult to mount necessary
clectronic control units within a limited space 1n the cab with
an 1ncrease 1n the number of the electronic control units, and
that plural types of information providing devices indepen-
dent for each function must be developed and mounted, thus
resulting 1in an increased cost. To overcome those problems,
a display unit 1s proposed which displays plural kinds of
information on one display screen in a concentrated way.

For example, JP-A 5-288648 discloses a managing and
monitoring unit which has a plurality of display modes for
displaying body working information, maintenance
information, etc., and which 1s capable of changing the
contents to be displayed upon switch manipulation.

Also, JP-A 5-287782 discloses a multi-function display
monitoring system in which a display panel comprises a
display portion and a switch portion. The monitoring system
monitors excavation situations of an excavator, such as a
power shovel, and displays a symbolic illustration in 1mita-
tion of the excavator along with numerical information. The
contents of displayed information regarding the front atti-
tude can be changed upon switch manipulation.

Further, JP-A 10-103925 discloses an excavation control
method employing an excavation information monitoring
unit for an excavator, in which the contents to be displayed
are changed with a touch panel.

DISCLOSURE OF INVENTION

In construction machines, for the purpose of facilitating
management of body information, increasing the work
eficiency, or improving maintenance, the functions and
number of information providing devices provided 1n a cab
have been increased. To cope with such a tendency, a display
unit for displaying plural kinds of information on one
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display screen 1n a concentrated way 1s proposed, but there
are several problems with techniques so far proposed for
displaying information.

With the monitoring unit disclosed 1n JP-A 5-288648, a

plurality of display modes are selectively changed depend-
ing on a vehicle status or in response to an operation
instruction, and an 1image having the contents corresponding
to the selected display mode 1s displayed on one screen.
However, because the contents displayed on the screen are
completely altered with a display mode change, the operator
cannot see plural kinds of information at the same time, for
example, by additionally displaying maintenance informa-
tion while working information 1s being displayed.

Also, the monitoring units disclosed 1in JP-A 10-103925
and JP-A 5-287782 similarly display information of one
function only, such as body mnformation of an excavator, on
one screen, and alter the displayed contents by changing an
entire 1mage on the screen.

Further, because those monitoring units are mounted 1n
the cab as equipment independent of an ordinary instrument
panel, the operator must carefully look at both the ordinary
instrument panel and the monitoring unit depending on
situations. This point has mvited problems 1n viewpoints of
operability and safety.

It 1s an object of the present mvention to provide an
information display unit for a construction machine and a
display control unit for the imformation display unit, which
can display plural kinds of information 1n a combined and
selective manner and enable an operator to coniirm the
information with higher efficiency.

(1) To achieve the above object, the present invention
provides an information display unit for a construction
machine, the mformation display unit being provided
inside a cab of a construction machine and having a
display portion capable of displaying plural kinds of
information including body information and mainte-
nance mnformation, wherein a screen 1image displayed
on the display portion comprises one main screen and
a plurality of sub-screens; the main screen displays
information regarding one of a plurality of information
categories 1n detail; the plurality of sub-screens corre-
spond to at least the information categories other than
the information category, for which information 1is
displayed on the main screen in detail, and display
information regarding the corresponding information
categories 1n the simplified form; and mnput means for
selecting and changing the information category to be
displayed on the main screen 1s provided, whereby with
manipulation of the mnput means, information regarding
the category displayed in one of the plurality of sub-
screens 1s displayed on the main screen 1n detail and
information regarding the category, which has been so
far displayed on the main screen, 1s displayed in
arbitrary one of the plurality of sub-screens in the
simplified form.

Thus, by providing one main screen and a plurality of
sub-screens, displaying a plurality of information categories
in the detailed and simplified forms, and enabling plural
items of displayed information to be changed from one to
another, 1t 1s therefore possible to display plural kinds of
mmformation in a combined and selective manner, and to
improve efficiency at which the operator confirms the mfor-
mation.

(2) In above (1), preferably, the main screen has a size
occupying a substantial proportion of the display
portion, and the plurality of sub-screens are smaller
than the main screen.
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With that feature, plural kinds of information can be
eficiently displayed 1n one screen image.

(3) In above (1), preferably, the plurality of sub-screens
display typical information contained i1n the corre-
sponding information category.

With that feature, the information regarding the corre-

sponding category can be displayed 1n the simplified form.

(4) In above (1), preferably, at least one of the plurality of
information categories includes combination of plural
items of sub-category information belonging to the
relevant information category, the main screen selec-
tively displays at least one of the plural items of
sub-category information, and the sub-category infor-
mation displayed on the main screen 1s selected and
changed with manipulation of the imnput means.

With those features, 1t 1s possible to increase the number
of kinds of information categories that can be displayed on
the main screen, and to display plural kinds of information
in a combined and selective manner.

(5) In above (1), preferably, a screen image displayed on
the display portion has a main display area and a
sub-display area that are located 1n preset positions, the
main display area displaying the main screen, the
sub-display area displaying the plurality of sub-screens,
and the plurality of sub-screens are disposed respec-
tively corresponding to the plurality of information
categories.

With those features, the main screen and the sub-screens

are displayed 1n respective constant positions so that the
operator can see those screens with more ease.

(6) In above (5), preferably, one of the sub-screens in the
sub-display area corresponding to one of the informa-
tion categories, for which information 1s displayed on
the main screen 1n the main display area in detail,
displays symbolic 1illustrations for operation guide,
which are 1n 1mitation of arrow keys and serve as aids
for changing the information categories from one to
another with manipulation of the 1nput means.

With that feature, the mformation category displayed 1n

the main display area can be easily changed with manipu-
lation of the mnput means.

(7) In above (5), preferably, the plurality of sub-screens in
the sub-display area serve as index tags for the
information-categories displayed on the main screen 1n
the main display area, and are designed with layout 1n
imitation of index tags for the main display area.

With that feature, the mformation category displayed 1n

the main display area can be casily selected by utilizing the
sub-screens as guide tags.

(8) In above (5), preferably, at least one of the plurality of
information categories includes combination of plural
items of sub-category information belonging to the
relevant information category, the main screen in the
main display area selectively displays at least one of the
plural 1tems of sub-category information, and the sub-
category 1nformation displayed on the main screen 1s
selected and changed with manipulation of the input
means.

With those features, 1t 1s possible to increase the number
of kinds of information categories that can be displayed 1n
the main display area, and to display plural kinds of mfor-
mation 1n a combined and selective manner.

(9) In above (8), preferably, when at least one of the plural
items of sub-category information 1s displayed on the
main screen 1n the main display area, one of the
sub-screens 1n the sub-display area corresponding to
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the information category, to which the displayed sub-
category information belongs, displays symbolic 1llus-
trations for operation guide, which are 1n 1mitation of
arrow keys and serve as aids for changing the infor-
mation category with manipulation of the input means,
and that one sub-screen and the main display area
display symbolic illustrations for operation guide,
which are 1 1mitation of arrow keys and serve as aids
for changing the sub-category information with
manipulation of the input means.

With those features, even with an increase 1n the number
of kinds of information to be displayed, the information
displayed in the main display arca can be easily changed
with manipulation of the input means.

(10) In above (1), preferably, the plurality of information
categories include at least meter information and abnor-
mality warning information.

With that feature, the operator 1s not required to carefully
look at an instrument panel separately mounted 1nside the
cab for confirming the meter information, or the instrument
panel mounted inside the cab can be 1itself dispensed with.
Therefore, the operator 1s free from the necessity of carefully
looking at the instrument panel and the display unit, thus
resulting 1 an 1mprovement of operability and safety.
Further, because the abnormality warning information is
displayed, maintenance 1s facilitated.

(11) To achieve the above object, the present invention
also provides a display control unit for an information
display unit for a construction machine, the information
display unit being provided inside a cab of a construc-
tion machine and having a display portion capable of
displaying plural kinds of information including body
information and maintenance information, the display
control unit comprising processing control means for
performing control such that a screen 1image displayed
on the display portion of the information display unit
comprises one main screen and a plurality of sub-
screens, the main screen displays information regarding,
one of a plurality of information categories 1n detail,
and the plurality of sub-screens correspond to at least
the information categories other than the information
category, for which information 1s displayed on the
main screen 1n detail, and display information regard-
ing the corresponding information categories in the
simplified form; and changing means operating such
that when 1mnput means for selecting the information
category to be displayed on the main screen is
manipulated, information regarding the category dis-
played in one of the plurality of sub-screens i1s dis-
played on the main screen 1n detaill and information
regarding the category, which has been so far displayed
on the main screen, 1s displayed 1n arbitrary one of the
plurality of sub-screens 1n the simplified form.

With those features, similarly to above (1), it is possible
to display plural kinds of information 1n a combined and
selective manner, and to improve efficiency at which the
operator confirms the information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing an electronic control
system of a hydraulic excavator equipped with an informa-
fion display unit according to a first embodiment of the
present invention, along with the hydraulic excavator and a
hydraulic system mounted therein.

FIG. 2 1s a block diagram showing a configuration of the
information display unit.
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FIG. 3 shows, 1n the form of a table, details of commu-
nication data transmitted and received among control units
and monitoring units via a common communication line.

FIG. 4 shows one example of a screen 1image displayed on
the information display unit when a main screen displaying
meter mnformation 1s selected.

FIG. 5 shows another example of the screen 1mage
displayed on the information display unit when a main
screen displaying body attitude information is selected.

FIG. 6 shows still another example of the screen 1mage
displayed on the information display unit when a main
screen displaying working time mformation 1s selected.

FIG. 7 shows still another example of the screen 1mage
displayed on the information display unit when a main
screen displaying abnormality warning information 1s
selected.

FIG. 8 1s a flowchart showing processing steps of a screen
displaying process 1n the information display unat.

FIG. 9 1s a flowchart showing detailed processing steps of
a processing block 10010 shown 1n FIG. 8.

FIG. 10 1s a flowchart showing detailed processing steps
of a processing block 10020 shown in FIG. 8.

FIG. 11 1s a flowchart showing detailed processing steps
of a processing block 10030 shown i1n FIG. 8.

FIG. 12 1s a flowchart showing detailed processing steps
of a processing block 10040 shown i1n FIG. 8.

FIG. 13 shows an example of screen transition in the first
embodiment.

FIG. 14 shows, 1n the form of a hierarchy, a list of screen
images displayed on an information display unit according
to the second embodiment.

FIG. 15 shows one example of a screen 1image displayed
on the mformation display unit when a main screen
displaying, as body attitude information, bucket attitude and
body attitude information 1s selected.

FIG. 16 shows another example of the screen 1mage
displayed on the information display unit when a main
screen displaying, as body attitude information, working
device attitude information 1s selected.

FIG. 17 shows still another example of the screen 1mage
displayed on the information display unit when a main
screen displaying, as working information, working time
information 1s selected.

FIG. 18 shows still another example of the screen 1mage
displayed on the information display unit when a main
screen displaying, as working information, an engine revo-
lution speed frequency distribution 1s selected.

FIG. 19 shows still another example of the screen 1mage
displayed on the information display unit when a main
screen displaying, as working information, a cooling water
temperature frequency distribution 1s selected.

FIG. 20 shows still another example of the screen 1mage
displayed on the information display unit when a main
screen displaying, as working information, a hydraulic fluid
temperature frequency distribution 1s selected.

FIG. 21 shows still another example of the screen 1mage
displayed on the information display unit when a main
screen displaying, as working information, an excavation
load frequency distribution 1s selected.

FIG. 22 shows still another example of the screen 1mage
displayed on the information display unit when a main
screen displaying, as working information, a pump load
frequency distribution 1s selected.

FIG. 23 1s a block diagram showing screen transition 1n an
initial state 1 the information display unait.
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FIG. 24 1s a tlowchart showing processing steps of a
screen displaying process 1n the mformation display unit.

FIG. 25 1s a flowchart showing detalled processing steps
of a processing block 10110 shown in FIG. 24.

FIG. 26 1s a flowchart showing detalled processing steps
of the processing block 10110 shown 1n FIG. 24.

FIG. 27 1s a flowchart showing detalled processing steps
of the processing block 10110 shown 1n FIG. 24.

FIG. 28 1s a flowchart showing detailed processing steps
of a processing block 10120 shown 1n FIG. 24.

FIG. 29 1s a flowchart showing detalled processing steps
of a processing block 10130 shown in FIG. 24.

FIG. 30 1s a flowchart showing detalled processing steps
of a processing block 10140 shown 1n FIG. 24.

FIGS. 31A, 31B, 31C and 31D show procedures of Image
Transition Example 1 1n the second embodiment.

FIG. 32 shows a part of procedures of Image Transition
Example 2 1n the second embodiment.

FIG. 33 shows a part of the procedures of Image Transi-
tion Example 2 in the second embodiment.

FIG. 34 shows a part of the procedures of Image Transi-
tion Example 2 1n the second embodiment.

FIG. 35 shows a part of the procedures of Image Transi-
tion Example 2 1n the second embodiment.

FIG. 36 shows a part of the procedures of Image Transi-
tion Example 2 1n the second embodiment.

FIG. 37 shows a part of the procedures of Image Transi-
tion Example 2 1n the second embodiment.

FIG. 38 shows a part of the procedures of Image Transi-
tion Example 2 1n the second embodiment.

FIG. 39 1s a block diagram showing an electronic control
system of a hydraulic excavator equipped with an 1nforma-
tion display unit according to a third embodiment of the
present mvention, along with the hydraulic excavator and a
hydraulic system mounted therein.

FIG. 40 shows one example of a screen 1mage displayed
on an information display unit according to a fourth embodi-
ment of the present invention when a main screen displaying
body attitude information is selected.

FIG. 41 shows another example of the screen 1mage
displayed on the information display unit when a main
screen displaying meter information 1s selected.

FIG. 42 shows still another example of the screen 1image
displayed on the information display unit when a main
screen displaying working time information 1s selected.

FIG. 43 shows still another example of the screen 1image
displayed on the information display unit when a main
screen displaying abnormality warning information 1s
selected.

FIG. 44 shows a key arrangement on an operating portion
of the mmformation display unit.

FIG. 45 shows still another example of the screen 1mage
displayed on the information display unit 1n a state 1n which
a cursor 1s moved to another sub-screen 1n the screen 1mage

of FIG. 40.

FIG. 46 shows still another example of the screen 1image
displayed on the information display unit 1n a state in which

a cursor 1s moved to still another sub-screen 1n the screen
image ol FIG. 40.

FIG. 47 shows still another example of the screen 1image
displayed on the information display unit 1n a state in which
a cursor 1s moved to still another sub-screen 1n the screen

image of FIG. 40.
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FIG. 48 shows still another example of the screen 1mage
displayed on the information display unit 1n a state 1n which

a menu screen for a sub-screen has appeared on the screen
image of FIG. 40.

FIG. 49 shows still another example of the screen 1mage
displayed on the information display unit when a main
screen displaying, as body attitude information, working
device attitude information 1s selected upon manipulation

made on the menu screen for the sub-screen in the screen
image ol FIG. 48.

FIG. 50 shows still another example of the screen 1mage
displayed on the information display unit 1n a state 1n which
the menu screen for the sub-screen has disappeared from the
screen 1mage of FIG. 49.

FIG. 51 shows still another example of the screen 1mage
displayed on the information display unit 1n a state 1n which
the menu screen for the sub-screen has appeared on the
screen 1mage of FIG. 42.

FIG. 52 shows still another example of the screen 1mage
displayed on the information display unit when a main
screen displaying, as working information, a frequency
distribution table 1s selected upon manipulation made on the

menu screen for the sub-screen 1n the screen 1mage of FIG.
51.

FIG. 53 shows still another example of the screen 1mage
displayed on the information display unit 1n a state 1n which
a lower menu screen has appeared on the screen 1mage of
FIG. 52 upon manipulation made on the menu screen for the
sub-screen.

FIG. 54 shows still another example of the screen 1mage
displayed on the information display unit when a main
screen displaying, as a frequency distribution table, a
hydraulic fluud temperature distribution 1s selected upon

manipulation made on a lower menu screen 1n the screen
image of FIG. 53.

FIG. 55 shows still another example of the screen 1mage
displayed on the information display unit 1n a state 1n which
the lower menu screen has disappeared from the screen

image of FIG. 54.

FIG. 56 shows still another example of the screen 1mage
displayed on the information display unit 1n a state 1n which
the menu screen for the sub-screen has disappeared from the
screen 1mage of FIG. 55.

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiments of the present invention will be described
below with reference to the drawings.
First Embodiment

A first embodiment of the present invention will be first
described with reference to FIGS. 1 to 13.

Mechanism of Hydraulic Excavator*Hydraulic
System*Electronic System*Operation

FIG. 1 1s a block diagram showing an electronic control
system of a hydraulic excavator equipped with an 1nforma-
tion display unit according to a first embodiment of the
present invention, along with the hydraulic excavator and a
hydraulic system mounted therein.

Referring to FIG. 1, a hydraulic excavator 1 comprises a
track body 2, a swing body 3, an excavation working device
(front working mechanism) 7. The excavation working
device 7 1s made up of a boom 8 vertically pivotably
mounted to the swing body 3, an arm 9 rotatably mounted
to a fore end of the boom 8, a bucket 10 rotatably mounted
to a fore end of the arm 9, a boom operating hydraulic
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cylinder 11 for vertically pivoting the boom 8, an arm
operating cylinder 12 for rotating the arm 9, and a bucket
operating hydraulic cylinder 13 for rotating the bucket 10.

The swing body 3 has an accommodating room 4 for
accommodating an engine 14 and hydraulic equipment such
as a hydraulic pump 18. A cab 6 1s provided on the front left
side of the swing body 3.

The engine 14 1s provided with an electronic governor 15
for maintaining the revolution speed of the engine 14 within
a certain range. Atarget revolution speed Nr of the engine 14
set by a target revolution speed setting unit 16.

The hydraulic pump 18 1s driven for rotation by the engine
14. Also, the hydraulic pump 18 1s a variable displacement
pump and 1s provided with a swash plate 19 for varying a
pump delivery rate. A delivery rate adjusting device 20 1s
coupled to the swash plate 19. Further, there are provided a
swash plate position sensor 21 for detecting a tilting position
0 of the swash plate 19, and a pressure sensor 22 for
detecting a delivery pressure Pd of the hydraulic pump 18.

The boom operating hydraulic cylinder 11, the arm oper-
ating cylinder 12, and the bucket operating hydraulic cyl-
inder 13 are connected to the hydraulic pump 18 through
control valves 24, 25, 26, respectively. Flow rates and
directions of hydraulic fluids supplied from the hydraulic
pump 18 to the respective cylinders 11, 12, 13 are adjusted
by the control valves 24, 25, 26. Control levers 27, 28, 29 are
provided 1n association with the control valves 24, 25, 26,
and lever operating units 30, 31, 32 are coupled to the
control levers 27, 28, 29, respectively. The lever operating
units 30, 31, 32 output, as operating signals X1, X2, X3 for
the control levers 27, 28, 29, electrical signals depending on
shift amounts by which the respective control levers are
operated.

The excavation working device 7 1s provided with a boom
rotational angle sensor 35 for detecting a rotational angle o
of the boom 8§, an arm rotational angle sensor 36 for
detecting a rotational angle {3 of the arm 9, and a bucket
rotational angle sensor 38 for detecting a rotational angle v
of the bucket 10.

Further, a first control unit 17, a second control unit 23, a
third control unit 33 and a fourth control unit 37 are provided
for controlling various components of the hydraulic
excavator, and a first monitoring unit 45, a second monitor-
ing unit 46 and an information display unit 47 are provided
for giving an operator information regarding the inside and
outside of a machine body. The first to fourth control units
17, 23, 33, 37, the first and second monitoring unit units 43,
46, and the mformation display unit 47 are interconnected
via a communication line 46 for transmitting and receiving
data among them.

The first control unit 17 controls the engine 14. More
specifically, the first control unit 17 receives the target
revolution speed Nr from the target revolution speed setting
unit 16 and an actual revolution speed Ne detected by the
governor 15, and then executes predetermined
computations, thereby outputting a control signal R to the
governor 15. As a result, the engine 14 1s controlled such that
the actual revolution speed Ne matches with the target
revolution speed Nr from the target revolution speed setting
unit 16.

The second control unit 23 controls the hydraulic pump
18. More specifically, the second control unit 23 receives the
delivery pressure Pd of the hydraulic pump 18 detected by
the pressure sensor 22, the tilting position 0 of the swash
plate 19 detected by the swash plate position sensor 21, and
the operating signals X1 to X7 from the third control unit 33,
and then executes predetermined computations, thereby
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outputting a control signal for the swash plate 19 to the
delivery rate adjusting device 20 for the hydraulic pump 18.
As a result, the delivery rate of the hydraulic pump 18 1s
adjusted with the operation of the delivery rate adjusting
device 20.

The third control unit 33 controls the control valves 24,
25, 26. More speciiically, the third control unit 33 receives
clectrical signals from the lever operating units 30, 31, 32
and then executes predetermined computations, thereby
outputting control signals to operating sectors 241, 24R,
251, 25R, 261, 26R of the control valves 24, 25, 26. As a
result, respective shift positions of the control valves 24, 285,

26 are controlled 1 accordance with the operating signals
X1, X2, X3 from the control levers 27, 28, 29, whereby the
flow rates and flowing directions of the hydraulic fluids
supplied to the cylinders 11, 12, 13 are controlled.

Further, through not shown, there are provided a swing
control lever unit, a track control lever unit, and an attach-
ment control lever unit. The third control unit 33 receives,
from those control lever units, a swing operating signal X4,
left and right track operating signals X5, X6, and an oper-
ating signal X7 for an attachment separate from the bucket
10 that 1s equipped as a standard option, and then executes
predetermined computations, thereby outputting control sig-
nals to control valves (not shown). As a result, the flow rates
and flowing directions of the hydraulic fluids supplied to
respective actuators (not shown) are controlled.

The fourth control unit 37 controls the excavation work-
ing device 7. More specifically, the fourth control unit 37
receives respective signals for the rotational angles o, 3, v
from the rotational angle sensors 35, 36, 38 and the oper-
ating signals X1, X2, X3 of the control lever units 27, 28, 29
from the third control unit 33, and then executes predeter-
mined computations, thereby moditying the operating sig-
nals X1, X2, X3 and outputting control driving commands
Ya, Y[3, Yy to the third control unit 33. As a result, the
control valves 24, 25, 26 are controlled so as to control, for
example, the locus of the excavation working device 7 1n its
operation.

Further, the engine 14 1s provided with a hydraulic
pressure sensor 41 for measuring a pressure Poil of a
lubricant (engine oil), and a radiator 51 for cooling engine
cooling water 1s provided with a water temperature sensor
42 for detecting a cooling water temperature Tw. Respective
signals of the engine o1l pressure Poil and the cooling water
temperature Tw detected by the sensors 41, 42 are inputted
to the first control unit 17.

In addition, as sensors for monitoring other various states
in the body of the hydraulic excavator 1, there are provided
a fuel level sensor 43 for measuring a fuel level (amount of
fuel remaining) Fuel, a pressure sensor 44 for detecting a
filter pressure Pilt of a filter 50 provided 1n a hydraulic
system circuit to detect clogging of the filter 50, a hydraulic
fluid temperature sensor for detecting a temperature T, of
the hydraulic fluid 1n the hydraulic system, and a tilt sensor
49 for detecting a body tilt angle &. Respective signals of the
fuel level Fuel and the filter pressure Pilt, detected by the
sensors 43, 44 are 1nputted to the first monitoring unit 45. A
signal of the hydraulic fluid temperature T, detected by the
sensor 1s mnputted to the second control unit 23, and a signal
of the body tilt angle & detected by the tilt sensor 49 is
inputted to the fourth control unit 37.

The first monitoring unit 45 transmits information of the
fuel level Fuel and the filter pressure Pilt, which are detected
respectively by the sensors 43, 44, to the information display
unit 47. When an instrument panel 1s provided 1n the cab 6,
those 1tems of information are displayed on the instrument
panel.
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The second monitoring unit 46 receives detection data
(described later) from the first control unit 17, the second
control unit 23 and the first monitoring unit 45 via the
communication line 40, and then processes those data for
time-serially or statistically measuring and the storing
abnormality detection history, the machine working time,
the working status, etc. Further, the second monitoring unit
46 transmits those i1tems of information to the mmformation
display unit 47.

The information display unit 47 receives various kinds of
information (described later) from the first to fourth control
units 17,23, 33, 37 and the first and second monitoring units
45, 46 via the communication line 40, and then displays the
received information. Also, the information display unit 47
has the function of instructing, €.g., a target locus 1n works
of the excavation working device 7 to the fourth control unit

37.
Information Display Unit

FIG. 2 shows a configuration of the information display
unit 47. The mformation display unit 47 comprises an
operating portion 470 serving as input means, a display
control portion 471, and a display portion 472 having a
screen 472a, such as an LCD.

The operating portion 470 includes various switches such
as upward and downward arrow keys 470a, 470b and
leftward and rightward arrow keys 470c, 470d which are
depressed, for example, when the operator wants to change
a display 1image, numerical value increment and decrement
entry keys 470e, 470f which are depressed, for example,
when the operator enters a target value for control, and a
mode switch (not shown).

The display control portion 471 comprises an interface
471a for receiving signals from the operating portion 470, a
central processing unit (CPU) 471b, a read only memory
(ROM) 471c¢ for storing programs for control procedures
and constants necessary for control, a random access
memory (RAM) 471d for temporarily storing numerical
values given as computed results or obtained in the course
of computation, an output interface (I/F) 471e, and a com-
munication controller 471f for controlling communication
with the first to fourth control units 17, 23, 33, 37 and the
first and second monitoring unit units 45, 46 which are all
connected to the common communication line 44).

The information display unit 47 1s disposed 1nside the cab
6. The operating portion 470, the display control portion
471, and the display portion 472 of the information display
unit 47 are preferably constructed as separate units, and the
display portion 472 1s attached to such a position 1nside the
cab 6 as allowing the operator to see 1t with ease, €.g., at a
corner of the cab on the obliquely right-hand side looking
from an operator’s seat.

FIG. 3 shows, 1n the form of a table, details of commu-
nication data transmitted and received among the control
units and the monitoring units via th common communica-
tion line 40. In FIG. 3, “ID No.” represents an ID number
assigned to individual data. A mark O represents data
transmitted from the control unit or the monitoring unit. A
mark @ represents data received by the control unit or the
monitoring unit. “Communication Cycle” represents an
interval at which the control unit transmitting data transmits
that data, 1.e., a time 1nterval at which data 1s update . In the
“Cycle” column, “upon display manipulation” indicates that
a signal 1s transmitted from the information display unit 47
only when an instruction button (not shown) provided in the
operating portion 470 of the mformation display unit 47 1is
manipulated.

Also, the second monitoring unit 46 receives data of the
actual engine revolution speed Ne, the engine o1l pressure
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Poil and the cooling water temperature Tw from the first
control unit 17, data of the pump delivery pressure Pd, the
pump tilting angle 0 and the hydraulic fluid temperature T,
from the second control unit 23, the arm operating signal X2,
the swing operating signal X4, the left and right track
operating signal X35, X6 and the attachment operating signal
X7 from the third control unit 33, and data of the fuel level
Fuel and the filter pressure Pilt from the first monitoring unit
45. Using those data, the second monitoring unit 46 prepares
various data, 1.e., abnormality detection history HisW, work-
ing time (key-on) TmwKey, working time (engine-on)
TmwEng, working time (excavation) TmwExc, working

time (travel) TmwRun, working time (swing) TmwRot,
working time (ML) meML working time (ATT)
TmwATT engine revolution Speed frequency distribution
HistEng, cooling water temperature frequency distribution
HistTw, hydraulic fluid temperature frequency distribution
HistT,,, pump load frequency distribution HistPld, and exca-
vation load frequency distribution HistEld. Those data are
transmitted to the information display unit 47 along with
information of time-of-day Time based on RTC (clock
function) built in the second monitoring unit 46.

The data of the abnormality detection history HisW 1s
prepared from data of the engine o1l pressure Poil, the
cooling water temperature Tw, the pump delivery pressure
Pd, etc. The working time (key-on) TmwKey is calculated as
a power-on time i1n the second monitoring unit 46. The
working time (engine-on) TmwEng is calculated as an
on-time of the engine revolution speed Ne. The working
time (excavation) TmwEXc is calculated as an on-time of the
arm operating signal X2. The working time (travel)
TmwRun 1s calculated as an on-time of the left and right
track operating signals X5, X6. The working time (swing)
TmwRot 1s calculated as an on-time of the swing operating
signal X4. The working time (ML) TmwML is calculated as
an on-time of a signal from an ML mode switch (not shown).
The working time (ATT) TmwAITIT is calculated as an
on-time of the attachment operating signal X7.

Further, the engine revolution speed frequency distribu-
tion HistEng 1s prepared by processing data of the engine
revolution speed Ne so as to obtain a frequency distribution
thereof. The cooling water temperature frequency distribu-
tion HistTw 1s prepared by processing data of the cooling
water temperature Tw so as to obtain a frequency distribu-
tion thereof. The hydraulic fluid temperature frequency
distribution HistT, 1s prepared by processing data of the
hydraulic fluid temperature T, so as to obtain a frequency
distribution thereof. The pump load frequency distribution
HistPld 1s prepared by processing data of the pump delivery
pressure Pd so as to obtain a frequency distribution thereof.
The excavation load frequency distribution HistEld 1s pre-
pared by processing data of the pump delivery pressure Pd,
which 1s obtained when the arm operating signal X2 1s
turned on, so as to obtain frequency distribution thereof.

The 1mnformation display unit 47 receives the data of the
actual engine revolution speed Ne, th engine o1l pressure
Poil and the cooling water temperature Tw from the first
control unit 17, the data of the hydraulic fluid temperature T,
from the second control unit 23, the data of the control
driving commands Ya, Y3, Yy, the rotational angles o, p, v
of the boom, the arm and the bucket, a depth (height) hx of
the bucket fore end and a reach by of the bucket fore end
from the fourth control unit 37, the data of the fuel level Fuel
and the filter pressure Pilt from the first monitoring unit 43,
and the above-mentioned various data from the second
monitoring unit 46. Then, the mformation display unit 47
displays the received data while changing and combining
them properly.
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Examples of Displayed Screen Images

Display of images on the display portion 472 (FIG. 2) of
the information display unit 47 will be described with
reference to FIGS. 4 to 7.

In FIGS. 4 to 7, a screen 1image displayed on the screen
472a of the display portion 472 (hereinafter referred to as a
displayed screen image) displays information regarding plu-
ral kinds of information categories at the same time. On that
occasion, information of one category among the plural
kinds of information categories 1s displayed in detail, and
information of the other categories 1s displayed in the
simplified form. Which one of the information categories 1s
to be displayed 1n detail can be changed 1n turn upon key
manipulation made on the operating portion 470 (FIG. 2) by
the operator.

The displayed screen 1mage has a main display area 1000
and a sub-display arca 2000 that are located 1n preset
positions. The main display area 1000 represents an area for
detailed display, whereas the sub-display arca 2000 repre-
sents an area for simplified display.

In FIG. 4, the main display area 1000 displays one main
screen 1002, and the sub-display area 2000 displays sub-
screens 2005, 2006, 2003, 2004 in the same number as the
number of the information categories. The sub-screens cor-
respond to the information categories 1n a one-to-one rela-
tion.

Similarly, in FIG. 5, the main display area 1000 displays
onc main screen 1001, and the sub-display area 2000 dis-
plays sub-screens 2001 to 2004 1 the same number as the
number of the information categories. In FIG. 6, the main
display areca 1000 displays one main screen 1003, and the
sub-display areca 2000 displays sub-screens 2001, 2006,
2007, 2004 1in the same number as the number of the
information categories. In FIG. 7, the main display arca
1000 displays one main screen 1004, and the sub-display
arca 2000 displays sub-screens 2001, 2006, 2003, 2008 1n
the same number as the number of the mnformation catego-
ries. The sub-screens correspond to the information catego-
ries in a one-to-one relation.

Each of the maimn screens 1001 to 1004 displays the
information regarding the corresponding information cat-
cgory 1n detail.

Each sub-screen 2002, 2005, 2007, 2008 corresponding to
the information category, for which information 1s displayed
in corresponding one of the main screens 1001 to 1004 in
detail, display the name of the mmformation category and
symbolic 1illustrations 80, 81 for operation guide to the
operator. The symbolic illustrations 80, 81 for operation
ouide serve as aids for the operator to change the informa-
fion category with key manipulation made on the operating
portion 470, and are designed 1n 1mitation of the upward and
downward arrow keys 470a, 470b (FIG. 2) on the operating
portion 470. The other sub-screens 2006, 2003, 2004 (FIG.
4), 2001, 2003, 2004 (FIG. 5), 2001, 2006, 2004 (FIG. 6),
and 2001, 2006, 2003 (FIG. 7) display imformation that
belongs to the corresponding information categories 1n the
simplified form. The simplified display 1s performed, for
example, by displaying information regarding a typical one
of the corresponding information categories.

The sub-screens 20085, 2006, 2003, 2004 (FI1G. 4), 2001 to
2004 (FIG. §), 2001, 2006, 2007, 2004 (FIG. 6), and 2001,
2006, 2003, 2008 (FIG. 7) are each arranged so as to serve
also as an index (guide) tag for the corresponding informa-
fion category, and are designed with layout so as to provide
index tags for the main display areca 1000.

The manipulation made by the operator for changing the
information category to be displayed in the main display
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arca 1000 and change of the screen 1mage will be described
in connection with, e€.g., the case of changing one example
of the displayed screen 1mage shown 1 FIG. § to another
shown 1n FIG. 4.

When the operator wants to change the information
category displayed in the main display arca 1000, the
information category to be displayed in the main display
arca 1000 1 detail can be changed by newly selecting the
sub-screen 2001 corresponding to the desired information
category 1nstead of the sub-screen 2002 corresponding to the
currently selected information category. That selection can
be made by manipulating the upward arrow keys 470a (FIG.
2) with the aid of the symbolic illustration 80 for operation
guide (as described later). Upon that manipulation, the
information, which has been so far displayed in the sub-
screen 2001 corresponding to the newly selected 1nforma-
fion category in the simplified form, 1s shifted to the main
screen 1002 and 1s displayed in detail. In the sub-screen
2005, the name of the selected information category and the
symbolic 1llustration 80 for operation guide are displayed
mstead. Also, the detailed information on the main screen
1001 corresponding to the information category, which has
been so far selected, 1s shifted to be display on the sub-
screen 2006 1n the simplified form after change of the screen
image.

Next, examples of the screen 1mage displayed on the
display portion 472 will be described.

In this embodiment, four kinds of information shown 1n
FIGS. 4 to 7, 1.e., meter information, body attitude
information, working information, and abnormality warning
information, are set as the information categories. A descrip-
tion 1s made of the contents of the displayed screen 1image in
the state 1n which those 1nformation categories are selected
one by one.

Category A

In FIG. 4, the main screen 1002 of the displayed screen
image 1s a screen corresponding to an mnstrument panel, and
displays an engine revolution speed 1200, a cooling water
temperature 1201, a hydraulic fluid temperature 1202, and a
fuel level 1203 using numerical values, a circle type meter
and a bar type meter. The sub-screen 2005 displays the name
of the selected information category and the symbolic 1llus-
tration 80 for operation guide to the operator. The sub-
screens 2006, 2003, 2004 correspond to the body attitude
information, the working information and the abnormality
warning 1information, respectively, and display the informa-
tion (typical items) regarding the respective information
categories 1n the simplified form. The sub-screen 2006
displays the attitude and fore end position of the bucket
using numerical values and a symbolic illustration. The
sub-screen 2003 displays the engine-on time and the accu-
mulated excavation time using numerical values. The sub-
screen 2004 displays an abnormality 1tem 1n the event of an
abnormality.

Category B

In FIG. §, the main screen 1001 of the displayed screen
image 1S a screen displaying the bucket attitude and the body
attitude, and displays a body transverse tilt angle 1100, a
bucket rotational angle 1101 and a bucket height 1102 using,
numerical values and a symbolic illustration in 1mitation of
an entire 1mage or each component of the actual machine.
The sub-screen 2002 displays the name of the selected
information category and the symbolic 1llustrations 80, 81
for operation guide to the operator. The sub-screens 2001,
2003, 2004 correspond to the meter information, the work-
ing information and the abnormality warning information,
respectively, and display the information (typical items)
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regarding the respective information categories 1n the sim-
plified form. The sub-screen 2001 displays the cooling water
temperature, the hydraulic fluid temperature and the fuel
level using needle type meters. The sub-screens 2003, 2004
display the same contents as those described above. That
point 1s similarly applied to the following categories.
Category C

In FIG. 6, the main screen 1003 of the displayed screen
image 1s a screen displaying information of the working
time, and displays a key-on time 1300, an engine-on time
1301, an excavation time 1302, a travel time 1303, a swing
time 1304, an ML crane operating time 1305 and an attach-
ment operating time 1306 using numerical values and bar
type meters. The sub-screen 2007 displays the name of the
selected information category and the symbolic illustrations
80, 81 for operation guide to the operator. The sub-screens
2001, 2006, 2004 correspond to the meter information, the
body attitude information and the abnormality warning
information, respectively, and display the information
(typical items) regarding the respective information catego-
ries in the simplified form.
Category D

In FIG. 7, the main screen 1004 of the displayed screen
image 15 a screen displaying abnormality warning, and
displays abnormality occurrence history and failure occur-
rence history along with the date/time of occurrence of each
abnormality or failure. The sub-screen 2008 displays the
name of the selected information category and the symbolic
illustration 81 for operation guide to the operator. The

sub-screens 2001, 2006, 2003 correspond to the meter
information, the body attltude information and the working
information, respectively, and display the information
(typical items) regarding the respective information catego-
ries 1n the simplified form.
Description of Screen Displaying Process

Details of processing executed in the display control
portion 471 (FIG. 2) of the information display unit 47 for
providing the above-mentioned display of the screen 1images
will be described using a display status flag. It 1s assumed
that any of the information category names A, B, C, D 1s set
to the display status flag. The processing flow 1s shown 1n

FIG. 8.

(1) STEP 10001: First, upon start-up of the information
display unit 47, the display status flag indicating which
one of the information categories 1s selected at present
1S set to A, 1.e., meter information. In other words, the
initial state 1s set to the category A.

(2) STEP 10002: It is then determined whether any of the
upward and downward arrow keys 470a, 4705 (FIG. 2)
on the operating portion 470 of the information display

unit 47 1s depressed. If depressed, the processing flow
goes to STEP 10003, and if not depressed, the process-
ing flow goes to STEP 10004.

(3) STEP 10003: This step executes a processing block

10010 for changing the display status flag depending on
the arrow key depressed.

(4) STEP 10004: This step executes a processing block

10020 for carrying out a main screen displaying pro-
CESS.
(5) STEP 10005: This step executes a block 10030 for
carrying out a sub-screen displaying process 1 (displaying
process for the sub-screen corresponding to the information
category selected by the display status flag).

(6) STEP 10006: This step executes a block 10040 for

carrying out a sub-screen displaying process 2
(displaying process for the sub-screen corresponding to
the information category not selected by the display
status flag).
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(7) STEP 10007: The processing flow returns to STEP
10002 for repeating the subsequent steps.

16

managed by the second monitoring unit 46, with
numerical values and units. Also, proportions of vari-

ous operating times other than the key-on time relative
to 100% of the key-on time are graphically displayed 1n
respective lengths of bar graphs. Then, the processing

flow goes to STEP 10023.

Description of Processing Block 10010

This block 10010 executes processing to change the
display status flag depending on the arrow key depressed. 5
The processing flow 1s shown 1n FIG. 9.

(1) STEP 10011: It is determine which one of the upward

arrow key 470a (hereinafter indicated by “1” for
brevity) and the downward arrow key 4705 (hereinafter

(5) STEP 10022d: When abnormality occurrence infor-

mation 1s obtained via communication, a symbolic
1llustration previously related to the nature of

indicated by “|” for brevity) is depressed. If “1” is 10 abnormality, a message indicating the situations of
depressed, the processing flow goes to STEP 100124, abnormality, and the date/time of abnormality occur-
and 1f “|” 1s depressed, the processing flow goes to rence are displayed. Similar display 1s added for each
STEP 100125. abnormality occurrence. Likewise, when information
(2) STEP 10012a: If the display status flag is set to A, representing cancellation of the abnormality 1s obtained
nothing is changed and the current state is maintained. 1° via communication, a symbolic illustration of the cor-
If the display status flag 1s set to B, C or D, 1t 1s changed responding abnormality, a message indicating cancel-
to A, B, C, respectively. Then, the processing flow goes lation of the abnormality and the date/time of the
to STEP 10013. abnormality cancellation are additionally displayed.
(3) STEP 100125b: If the display status flag is set to D, . Then, the processing flow goes to STEP 10023.

nothing 1s changed and the current state 1s maintained.
If the display status flag 1s set to A, B or C, 1t 1s changed

to B, C, D, respectively. Then, the processing flow goes
to STEP 10013.

(4) STEP 10013: The block 10010 is brought into an end.

Description of Processing Block 10020

This block 10020 executes processing to display the main

screen 1n accordance with the display status flag. The
processing flow 1s shown 1n FIG. 10.

(1) STEP 10021: If the display status flag is set to A,

25

(6) STEP 10023: The block 10020 is brought into an end.

Description of Processing Block 10030
This block 10030 executes processing to display the
sub-screen corresponding to the information category

selected by the display status flag. The processing flow 1s
shown 1n FIG. 11.

(1) STEP 10031: If the display status flag 1s set to A,
processing of STEP 100324 1s executed. If the display
status flag 1s set to B, processing of STEP 100325) 1s
executed. I the display status flag 1s set to C, process-

processing of STEP 100224 is executed. If the display ” ing of STEP 10032c¢ 1s executed. It the display status
status flag is set to B, processing of STEP 100225 is flag 1s set to D, processing of STEP 10032d 1s executed.
executed. I the display status flag 1s set to C, process- (2) STEP 100324: The information category name “Meter
ing of STEP 10022¢ 1s executed. If the display status Information”™ 1s displayed. A}IS‘?: “}” m 1mitation of thﬁ
flag 1s set to D, processing of STEP 100224 1s executed. ;; Flownw::‘lrd arrow key 4795 18 41splayed as the symbolic
(2) STEP 10022a: The engine revolution speed, the cool- llustration 80 for operation guide to the operator. Then,
ing water temperature, the hydraulic fluid temperature, the processing flow goes to STEP 10033.
and the fuel level, which are obtained via (3) STEP 100325: The information category name “Body
communication, are graphically displayed with numeri- Attitude Information™ 1s displayed. Also, “1” and *|”
cal values and units by using circle or bar type meters. 4 in 1mitation of the upward and downward arrow keys
Then, the processing flow goes to STEP 10023. 470a, 470b are di§playe€1 as the symbolic illustrations
(3) STEP 100225b: First, the body transverse tilt angle 50, 81 jfor operation guide to the operator. Then, the
obtained via communication is displayed with a processing flow goes to STEP 10033.
numerical value and a unit. At the same time, a sym- (4) STEP 10032¢: The information category name “Work-
bolic 1llustration of the body looking from the rear side 45 ing Information” 1s displayed. Also, “1” and “|” In
is displayed while it is rotated in match with the body imitation of the upward and downward arrow keys
transverse tilt angle obtained via communication. Next, 470a, 470b are displayed as the symbolic illustrations
the bucket rotational angle obtained via communication 80, 81 for operation guide to the operator. Then, the
1s displayed with a numerical value and a unit. At the processing tlow goes to STEP 10033.
same time, a symbolic illustration of the bucket looking 50  (5) STEP 10032d4: The information category name
from the lateral side is displayed while it is rotated in “Abnormality Warning Information” 1s displayed.
match with the bucket rotational angle obtained via Also, “1” 1n 1mitation of the upward arrow key 470a 1s
communication. Subsequently, the height of the bucket displayed as the symbolic 1llustration 80 for operation
end position obtained via communication 1s displayed guide to the operator. Then, the processing flow goes to
with a numerical value and a unit. At the same time, a 55 STEP 10033.

symbolic illustration of the bucket looking from the
lateral side 1s graphically displayed 1n a superimposed
relation to a horizontal line representing the height of a
reference plane and a line vertical to the horizontal line
so that the operator can visually confirm the bucket
height with ease. Then, the processing flow goes to

STEP 10023.

(4) STEP 10022c¢: This step displays the working infor-

mation obtained via communication. The key-on time,
the engine-on time, the excavation time, the travel time,
the swing time, the ML crane operating time, and the
attachment operating time, which are measured and

60
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(6) STEP 10033: The block 10030 is brought into an end.
<Description of Processing Block 10040>

This block 10040 executes processing to display the
sub-screen corresponding to the mformation category not

selected by the display status flag. The processing tlow 1s
shown 1n FIG. 12.

(1) STEP 10041: If the display status flag is not set to A,
the cooling water temperature and the hydraulic fluid
temperature are displayed using symbolic 1llustrations
of needle type meters as the simplified form of the
meter mformation. The meters calculate the needle
positions and update the drawn illustrations succes-
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sively 1n accordance with information of the cooling
water temperature and the hydraulic fluid temperature
obtained via communication.

(2) STEP 10042: If the display status flag is not set to B,
the bucket end position and rotational angle are dis-
played with numerical values and units as the simpli-
fied form of the body attitude information. Also, the
symbolic illustration of the bucket looking from the

lateral side 1s displayed while it 1s successively rotated
in match with the bucket rotational angle.

(3) STEP 10043: If the display status flag is not set to C,
the engine-on time and the excavation time both
obtained via communication are displayed with
numerical values, units and bar type graphs as the
simplified form of the working information.

(4) STEP 10044: If the display status flag is not set to D,
the symbolic 1illustration previously related to the
nature of abnormality 1s displayed upon the occurrence
of abnormality 1n accordance with abnormality warn-
ing information obtained via communication as the
simplified form of the abnormality warning informa-
tion so that the operator 1s notified of the abnormality
occurrence. At the same time, a brief message indicat-
ing the situations of the abnormality 1s displayed. When
information representing cancellation of the abnormal-
ity 1s obtained via communication, display of the sym-
bolic illustration corresponding to the nature of abnor-
mality and the message indicating the situations of
abnormality are ceased.

(5) STEP 10045: The block 10040 is brought into an end.

Manipulation Example and Screen Transition Example 1n
First Embodiment

Procedures for changing the main screen 1image from the
screen of the meter information category A 1n the 1nitial state
to the screen of the working information category C will be

described as a manipulation example 1n the first embodiment
with reference to FIG. 13.

(1) The information category set to the display status flag
in the initial state 1s A. The category A 1s therefore
displayed 1n the main screen. In other words, the main
screen 1002 1s displayed.

(2) “|” 1s entered with depression. The displayed screen
1s shifted downward as shown 1n FIG. 13. The infor-
mation category set to the display status flag 1s changed
to B. Therefore, the category B 1s displayed in the main
screen, causing the main screen 1001 to be displayed.

(3) “|” 1s entered with depression. The displayed screen
1s further shifted downward as shown in FIG. 13. The
information category set to the display status flag 1s
changed to C. Therefore, the category C 1s displayed 1n
the main screen, causing the main screen 1003 to be
displayed.

With the above-mentioned procedures, the main screen
image can be changed from the screen of the meter mfor-
mation category A in the initial state to the screen of the
working information category C.

Moreover, when changing the main screen 1mage to the
screen of the abnormality warning information category D,
“l” 1s entered with depression, whereupon the displayed
screen 1s further shifted downward as shown 1n FIG. 13. The
information category set to the display status flag 1s changed
to D. Therefore, the category D 1s displayed in the main
screen, causing the main screen 1004 to be displayed.
Advantages of First Embodiment

According to this embodiment having the construction
described above, a screen 1mage displayed on the display
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portion 472 of the information display unit 47 includes the
main display area 1000 having one main screen and the
sub-display area 2000 having a plurality of sub-screens so
that a plurality of information categories can be displayed 1n
both the detailed and simplified forms and the displayed
information can be changed in turn. It 1s therefore possible
to display plural kinds of information in a combined and
selective manner, and to improve efficiency at which the
operator confirms the information.

Also, the sub-screen 1n the sub-display area 2000 corre-
sponding to the information category, for which information
1s displayed 1n detail on the main screen 1n the main display
arca 1000, displays the symbolic illustrations 80, 81 for
operation guide, which are provided in imitation of arrow
keys and serve as aids for the operator when changing the
information category with key manipulation made on the
operating portion 470. Therefore, the operator can ecasily
change the information category displayed in the main
display area 1000 with key manipulation made on the
operating portion 470.

Further, the plurality of sub-screens in the sub-display
arca 2000 serve also as index tags for the information
category displayed on the main screen 1n the main display
arca 1000, and are designed with layout in 1imitation of index
tags for the main display arca 1000. By using the index tags
as guides, therefore, the operator can easily select the
information category displayed in the main display area
1000.

Moreover, since the plurality of information categories
displayed on the display screen includes the meter informa-
fion and the abnormality warning information, the operator
1s not required to carefully look at an instrument panel
separately mounted 1nside the cab for confirming the meter
information, thus resulting 1n an improvement of operability
and safety. Further, with this embodiment, since the instru-
ment panel mounted 1nside the cab can be itself dispensed
with, 1t 1s possible to realize elffective utilization of a space
within the cab. Additionally, because the abnormality warn-
ing information 1s displayed, maintenance 1s facilitated.
Second Embodiment

A second embodiment of the present mvention will be
described with reference to FIGS. 14 to 34.

The second embodiment differs 1n device configuration
from the first embodiment 1n that the contents displayed on
the mnformation display unit 47 corresponding to some of the
information categories are divided into sub-categories, and
a means for selectively changing the sub-categories from
onc to another in the relevant information category 1is
provided 1n addition to the means for selectively changing
the information category from one to another, thus enabling
the displayed contents to be changed in a finer divided
manner.

Display information set as the displayed screen image for
cach information category will be first described with ref-
erence to FIG. 14.

Category A

The category A 1s the same as that 1n the first embodiment.
Category B

As shown 1 FIG. 14, the category B has two sub-
categories (hierarchy 2). The main screen 1001 of the
displayed screen image selectively displays one of the
screen displaying the bucket attitude and the body attitude,
which has been described above in connection with the first
embodiment, and a screen displaying the working device
attitude, which 1s newly added in this embodiment. As
shown 1n FIG. 15, the screen displaying the bucket attitude
and the body attitude 1s the same as that shown in FIG. 5. As
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shown 1 FIG. 16, the screen displaying the working device
attitude displays change 1n the attitude attributable to
changes 1n respective articulation angles of the boom, the
arm and the bucket by using a side view 1103 including an
overall image of the actual machine. In addition, the bucket
end position 1s displayed with a numerical value. The
sub-screen 2002 corresponding to the selected information
category and the other sub-screens 2001, 2003, 2004 are the
same as those 1n the first embodiment except that a symbolic
illustration 82 for operation guide 1s additionally d splayed
in the sub-screen 2002. The symbolic illustration 82 for
operation guide serves as an aid for shift from the main
category (hierarchy 1) to the sub-category with key manipu-
lation made on the operating portion 470, and 1s designed 1n
imitation of the leftward arrow key 470c on the operating
portion 470. Further, the main display areca 1000 additionally
displays symbolic illustrations 83, 84 for operation guide,
which are in 1mitation of the upward and downward arrow
keys 470a, 470b on the operating portion 470, as aids for
changing the sub-category with key manipulation made on
the operating portion 470, and a symbolic illustration 85 for
operation guide, which 1s 1n 1mitation of the rightward arrow
key 470d on the operating portion 470, as an aid for shift
from the sub-category to the main category.
Category C

As shown 1n FIG. 14, the category C has two sub-
categories (hierarchy 2). The main screen 1003 of the
displayed screen 1mage selectively displays, as shown 1n
FIG. 14, one of the screen displaying information of the
working time, which has been described above 1n connec-
tion with the first embodiment, and a screen displaying a
frequency distribution of the body information 1n the form of
a graph, which 1s newly added in this embodiment. Also, a
sub-category level of the frequency distribution 1s divided
into five sub-categories (hierarchy 3), i.e., the engine revo-
lution speed frequency distribution, the cooling water tem-
perature frequency distribution, the hydraulic fluid tempera-
ture frequency distribution, the excavation load frequency
distribution, and the pump load frequency distribution. Any
of those frequency distributions 1s selected and displayed.
As shown 1n FIG. 17, the screen displaying information of
the working time 1s the same as that shown 1n FIG. 6. The
screen displaying the engine revolution speed frequency
distribution displays a distribution 1307 of the working time
with respect to the engine revolution speed, as shown 1n FIG.
18. The screen displaying the cooling water temperature
frequency distribution displays a distribution 1308 of the
working time (engine running time) with respect to the
cooling water temperature, as shown in FIG. 19. The screen
displaying the hydraulic fluid temperature frequency distri-
bution displays a distribution 1309 of the working time
(engine running time) with respect to the hydraulic fluid
temperature, as shown 1n FIG. 20. The screen displaying the
excavaftion load frequency distribution displays a distribu-
tion 1310 of the excavation operating time with respect to
the excavation load, as shown m FIG. 21. The screen
displaying the pump load frequency distribution displays a
distribution 1311 of the pump operating time (engine run-
ning time) with respect to the pump load, as shown in FIG.
22. As with the category B, the sub-screen 2007 correspond-
ing to the selected imformation category and the other
sub-screens 2001, 2006, 2004 are the same as those 1n the
first embodiment except that the symbolic 1llustration 82 for
operation guide 1s additionally displayed in the sub-screen
2007. Further, when the information of the working time 1s
displayed on the main screen 1003, the symbolic illustra-
tions 83, 84, 85 for operation guide are displayed 1n the main
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display area 1000 as with the information category B. When
the frequency distribution 1s displayed on the main screen
1003, a symbolic illustration 86 for operation guide 1s
further displayed 1n the main display area 1000, as shown 1n
FIGS. 18 to 22. The symbolic 1llustration 86 for operation
ouide serves as an aid for shift from the sub-category
(hierarchy 2) to the lower sub-category (hierarchy 3) with
key manipulation made on the operating portion 470, and 1s
designed 1n 1mitation of the leftward arrow key 470c on the
operating portion 470.

Category D

The category D 1s the same as that 1n the first embodiment.

The screens displayed as described above are given with
respective label names as shown 1n FIG. 14. The meter
information screen of the category A 1s named A-0-0. The
body attitude information screen of the category B 1s named
B-1-0, and the working device attitude information screen of
the category B 1s named B-2-0. The working information
screen of the category C 1s named C-1-0, the engine revo-
lution speed frequency distribution screen of the category C
1s named C-2-1, the cooling water temperature frequency
distribution screen of the category C 1s named C-2-2, the
hydraulic fluid temperature frequency distribution screen of
the category C 1s named C-2-3, the excavation load fre-
quency distribution screen of the category C 1s named C-2-4,
and the pump load frequency distribution screen of the
category C 1s named (C-2-5. The abnormality warning mfor-
mation screen of the category D 1s named D-0-0.

Herein, the first character of the label represents the type
of category. The second character of the label represents the
type of sub-category (hierarchy 2) if it exists. The third
character of the label represents the type of lower sub-
category (hierarchy 3) if it exists. For the category A that has
no sub-category, the second and third characters are set to 0.
Similarly, for the category D that has no sub-category, the
second and third characters are set to (. Since the category
B has two sub-categories at the hierarchy 2, those sub-
categories are named B-1 and B-2. Since each of B-1 and
B-2 has no hierarchy 3, the third character of the label for the
category B 1s set to 0. Thus, the labels of the screens
belonging to the category B are given as B-1-0 and B-2-0.
Since the category C has two sub-categories at the hierarchy
2, those sub-categories are named C-1 and C-2. Since C-1
has no hierarchy 3, the label of the screen belonging to the
category C-1 1s given as C-1-0. Since C-2 has five sub-
categories at the hierarchy 3, the labels of the screens
belonging to the category C-2 are given as C-2-1, C-2-2,
C-2-3, C-2-4, and C-2-5 in order.

Accordingly, when A 1s selected upon category change,
the screen A-0-0 1s displayed. When B 1s selected upon
category change, the screen B-1-0 or the screen B-2-0 is
displayed. When C 1s selected upon category change, the
screen C-1-0, the screen C-2-1, the screen C-2-2, the screen
(C-2-3, the screen C-2-4, or the screen C-2-5 1s displayed.
When D 1s selected upon category change, the screen D-0-0
1s displayed.

FIG. 23 1s a block diagram showing screen transition 1n an
mitial state. In the 1nitial state, as shown 1n FIG. 23, the
engine revolution speed frequency distribution screen C-2-1
1s selected as the frequency distribution from among ones
from the engine revolution speed frequency distribution
(C-2-1 to the pump load frequency distribution C-2-5. Also,
of the working time history C-1-0 and the frequency distri-
bution C-2-1, the frequency distribution C-2-1 1s selected as
the working information and set as the initial state. Further,
of the bucket attitude and body tilt B-1-0 and the working
device attitude B-2-0, the bucket attitude and body tilt B-1-0
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1s selected as the body attitude information and set as the
initial state. For the category A and the category D, since
there are no sub-category options, the screen A-0-0 and the
screen D-0-0 are set as the 1nitial state. In addition, the 1nitial
screen 15 set so as to display the category A. Accordingly, the
screen A-0-0 1s displayed as the 1nitial screen at the start-up
of the mformation display unit 47.
Screen Displaying Process

The screen displaying process will be described below
using a display status flag indicating the current display
status. It 1s assumed that any of the label names assigned to
the respective displayed screen 1mages 1s set to the display
status flag 1n accordance with transition of the display status.
The processing flow 1s shown 1n FIG. 24.

(1) STEP 10101: First, the initial state is set as shown in
the transition block diagram of FIG. 23, and the display
status flag 1s set to A-0-0. In other words, the 1nitial
screen 15 set to the meter information screen.

(2) STEP 10102: It is then determined whether any of the
arrow keys on the operating portion 470 of the infor-
mation display unit 47 1s depressed. If depressed, the
processing flow goes to STEP 10103, and 1f not
depressed, the processing flow goes to STEP 10104.

(3) STEP 10103: This step executes a processing block
10110 for changing the display status flag depending on
the arrow key depressed.

(4) STEP 10104: This step executes a processing block
10120 for carrying out a main screen displaying pro-
CESS.

(5) STEP 10105: This step executes a block 10130 for

carrying out a sub-screen displaying process 1
(displaying process for the sub-screen corresponding to
the information category selected by the display status
flag).

(6) STEP 10106: This step executes a block 10140 for
carrying out a sub-screen displaying process 2
(displaying process for the sub-screen corresponding to
the information category not selected by the display
status flag).

(7) STEP 10107: The processing flow returns to STEP

10102 for repeating the subsequent steps.

Description of Processing Block 10110

This block 10110 executes processing to change the
display status flag depending on the arrow key depressed.
Note that, 1n the screen transition block diagram of FIG. 23,
the rightward direction 1in FIG. 23 represents a lower level
of the sub-category hierarchy, but the leftward arrow key
470c (hereinafter indicated as “<" for brevity) 1s assigned
to 1mstruct a transition to the lower hierarchy level and the
rightward arrow key 470d (hereinafter indicated as “—” for
brevity) i1s assigned to instruct a transition to a higher
hierarchy level 1n the following manipulation example 1n

match with the display screen layout. The processing flows
are shown 1n FIGS. 25 to 27.

(1) STEP 10111: As shown in FIGS. 25§, 26 and 27, it is
determined which one of the arrow keys “17, «“ |7 “<”
and “—" 1s depressed, taking mto account at which one
of the hierarchy levels the current state 1s present. If “1”
1s depressed, the processing tlow goes to STEP 101124,
and 1if “|” 1s depressed, the processing flow goes to
STEP 10112b. If “<—"" 1s depressed, the processing flow
goes to STEP 10112¢, and if “—" 1s depressed, the
processing flow goes to STEP 10112d.

(2) STEP 10112a: As shown in FIGS. 25, 26 and 27, if
there 1s a transition-enable screen adjacently positioned
above the currently selected and displayed screen 1n the
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transition block diagram, the screen 1image 1s shifted to
that screen and the label name of the screen as the
transition target 1s set to the display status flag. If the
current hierarchy 1s 2 or 3, the link from the adjacent
left-hand hierarchy 1s rearranged for link to the screen
of the transition target. If there 1s no transition-enable
screen, the currently displayed screen i1s maintained.
Then, the processing flow goes to STEP 10113.

(3) STEP 10112b6: As shown in FIGS. 25, 26 and 27, if
there 1s a transition-enable screen adjacently positioned
under the currently selected and displayed screen 1n the

transition block diagram, the screen image 1s shifted to

that screen and the label name of the screen as the
transition target 1s set to the display status flag. If the
current hierarchy 1s 2 or 3, the link from the adjacent
left-hand hierarchy 1s rearranged for link to the screen
of the transition target. If there 1s no transition-enable

screen, the currently displayed screen 1s maintained.
Then, the processing flow goes to STEP 10113.

(4) STEP 10112¢: As shown in FIGS. 25 and 26, if the
current hierarchy 1s 1 or 2 and there 1s an adjacent
richt-hand hierarchy, a transition occurs to the right-
hand hierarchy. On that occasion, the label name set to
the display status flag 1s given by the label name of the
screen as the transition target (namely, the display
status flag is not changed). If there is no adjacent
richt-hand hierarchy or if the current hierarchy is 3
(FIG. 27), the currently displayed screen 1s maintained.
Then, the processing flow goes to STEP 10113.

(5) STEP 10112d: As shown in FIGS. 26 and 27, if the
current hierarchy 1s 2 or 3, a transition occurs to the
left-hand hierarchy such that the currently displayed
screen 15 selected as a displayed screen belonging to the
adjacent left-hand hierarchy. On that occasion, the label
name set to the display status flag 1s given by the label
name of the screen as the transition target (namely, the
display status flag is not changed). If the current
hierarchy is 1 (FIG. 25), the currently displayed screen
1s maintained. Then, the processing flow goes to STEP

10113.

(6) STEP 10113: The block 10110 is brought into an end.
Description of Processing Block 10120

This block 10120 executes processing to draw the main
screen corresponding to the label name set to the display
status flag. The detailed drawing process for each main
screen has been described above, and hence a repeated
description thereof 1s omitted here. The processing flow 1s

shown 1n FIG. 28.

(1) STEP 10121: The screen corresponding to the label
name of the display status flag 1s drawn.

(2) STEP 10122: The block 10120 is brought into an end.
Description of Processing Block 10130

This block 10130 executes processing to display the
sub-screen corresponding to the information category that
corresponds to the first character of the label name set to the
display status flag, 1.¢., the information category that is
currently selected. The processing flow 1s shown in FIG. 29.

(1) STEP 10131: If the first character of the label name set
to the display status flag 1s A, processing of STEP
10132a 1s executed. If 1t 1s B, processing of STEP
101326 1s executed. If 1t 1s C, processing of STEP
10132¢ 1s executed. If 1t

101324 1s executed.

1s D, processing of STEP

(2) STEP 101324: The information category name “Meter
Information” 1s displayed. Also, “|” 1n 1imitation of the
downward arrow key 470d 1s displayed as the symbolic
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illustration 80 for operation guide to the operator. Then,
the processing flow goes to STEP 10133.

(3) STEP 101325: The information category name “Body
Attitude Information” 1s displayed. Also, “1” and “|”
in 1mitation of the upward and downward arrow keys
470a, 470b are displayed as the symbolic 1llustrations
80, 81 for operation guide to the operator. Then, the
processing flow goes to STEP 10133.

(4) STEP 10132¢: The information category name “Work-
ing Information” 1s displayed. Also, “1” and “|” 1n
imitation of the upward and downward arrow keys
470a, 470b are displayed as the symbolic 1llustrations
for operation guide to the operator. Then, the process-

ing flow goes to STEP 10133.

(5) STEP 10132d: The information category name

“Abnormality Warning Information” 1s displayed.
Also, “T” 1n 1imitation of the upward arrow key 470a 1s
displayed as the symbolic 1llustration 81 for operation
oguide to the operator. Then, the processing flow goes to

STE 10133.

(6) STEP 10133: The block 10130 is brought into an end.
Description of Processing Block 10140

This block 10140 executes processing to display the
sub-screen corresponding to the information category not
selected by the first character of the label name set to the
display status flag. The processing flow 1s shown in FIG. 30.

(1) STEP 10141: If the first character of the label name set
to the display status flag 1s not A, the cooling water
temperature and the hydraulic fluid temperature are
displayed using symbolic 1llustrations of needle type
meters as the simplified form of the meter information.
The meters calculate the needle positions and update
the drawn 1llustrations successively 1n accordance with
information of the cooling water temperature and the
hydraulic fluid temperature obtained via communica-
tion.

(2) STEP 10142: If the first character of the label name set
to the display status flag is not B, the bucket end
position and rotational angle are displayed with
numerical values and units as the simplified form of the
body attitude information. Also, the symbolic 1llustra-
tion of the bucket looking from the lateral side 1is
displayed while 1t 1s successively rotated in match with
the bucket rotational angle.

(3) STEP 10143: If the first character of the label name set

to the display status flag 1s not C, the engine-on time
and the excavation time both obtained via communi-
cation are displayed with numerical values, units and
bar type graphs as the simplified form of the working
information.

(4) STEP 10144: If the first character of the label name set
to the display status flag 1s not D, the symbolic 1llus-
tration previously related to the nature of abnormality
1s displayed upon the occurrence of abnormality 1n
accordance with abnormality warning information
obtained via communication as the simplified form of
the abnormality warning information so that the opera-
tor 1s notified of the abnormality occurrence. At the
same time, a brief message 1ndicating the situations of
the abnormality 1s displayed. When 1nformation repre-
senting cancellation of the abnormality 1s obtained via
communication, display of the symbolic 1llustration
corresponding to the nature of abnormality and the
message 1ndicating the details of abnormality are
ceased.

(5) STEP 10145: The block 10140 is brought into an end.

10

15

20

25

30

35

40

45

50

55

60

65

24

Practical Manipulation and Screen Transition Example 1 1n
Second Embodiment

Procedures for changing the main screen 1mage from the
meter information screen A-0-0 in the initial state to the
working device attitude B-2-0 will be described as a first
manipulation example 1n the second embodiment with ref-
erence to screen transition block diagrams of FIGS. 31A to

31D.

(1) The label name set to the display status flag in the
initial state 1s A-0-0. The display status 1s shown 1n the
screen transition block diagram of FIG. 31A.

(2) “|” is entered with depression. The displayed screen
1s shifted downward as shown 1n the screen transition

block diagram of FIG. 31B. The label name set to the
display status flag 1s changed to B-1-0.

(3) “—" is entered with depression. The displayed screen
1s shifted to the right as shown 1n the screen transition

block diagram of FIG. 31C. The label name set to the
display status flag remains B-1-0.

(4) “|” is entered with depression. The displayed screen
1s shifted downward as shown 1n the screen transition
block diagram of FIG. 31D, and the link from the
adjacent left-hand hierarchy is rearranged for link to the
screen of the transition target. The label name set to the
display status flag 1s changed to B-2-0.

With the above-mentioned procedures, the main screen
image can be changed from the meter information screen
A-0-0 m the mmtial state to the working device attitude
B-2-0.

Practical Manipulation and Screen Transition Example 2 in
Second Embodiment

Procedures for changing the main screen image from the
working device attitude B-2-0 to the hydraulic fluid tem-
perature frequency distribution C-2-3 will be described as a
second manipulation example 1n the second embodiment
with reference to screen transition block diagrams of FIGS.

32 to 38.

(1) The label name set to the display status flag is assumed
to be B-2-0. The display status 1s shown 1n the screen
transition block diagram of FIG. 32.

(2) “<" 1s entered with depression. The displayed screen
1s shifted to the left as shown 1n th screen transition

block diagram of FIG. 33. The label name s t to the
display status flag remains B-2-0.

(3) “|” is entered with depression. The displayed screen
1s shifted downward as shown 1n the screen transition
block diagram of FIG. 34. The label name set to the

display status flag 1s changed to C-2-1.

(4) “—” 1s entered with depression. The displayed screen
1s shifted to the right as shown in t € screen transition
block diagram of FIG. 35. The label name set to the

display status flag remains C-2-1.

(5) “—” 1s entered with depression. The displayed screen

1s shifted to the right as shown 1n the screen transition
block diagram of FIG. 36. The label name set to the
display status flag remains C-2-1.

(6) “|” is entered with depression. The displayed screen
1s shifted downward as shown 1n the screen transition
block diagram of FIG. 37, and the link from the
adjacent left-hand hierarchy is rearranged for link to the
screen of the transition target. The label name set to the
display status flag 1s changed to C-2-2.

(7) “|” is entered with depression. The displayed screen
1s further shifted downward as shown 1n the screen

transition block diagram of FIG. 38, and the link from
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the adjacent left-hand hierarchy is rearranged for link to
the screen of the transition target. The label name set to
the display status flag 1s changed to C-2-3.

With the above-mentioned procedures, the main screen
image can be changed from the working device attitude
B-2-0 to the hydraulic fluid temperature frequency distribu-
tion C-2-3.

Advantages of Second Embodiment

This second embodiment can provide the following
advantages 1 addition to the above-described advantages
obtainable with the first embodiment.

Of the plurality of information categories, the categories
B, C each include a combination of plural items of sub-
category information. The main screen in the main display
arca 1000 selectively displays one of the plural items of
sub-category information, and the sub-category information
displayed on the main screen can be selected and changed
with key manipulation made on the operating portion 470. It
1s therefore possible to increase the number of kinds of
information categories capable of being displayed in the
main display area 1000, and to display plural kinds of
information in a combined and selective manner.

Also, when the selected sub-category mnformation is dis-
played on the main screen 1n the main display area 1000, the
sub-screen 1n the sub-display area 2000 corresponding to the
information category, to which the selected sub-category
information belongs, displays not only the symbolic 1llus-
trations 80, 81 for operation guide, which are 1in 1imitation of
arrow keys and serve as aids for the operator when changing
the mnformation category with key manipulation made on the
operating portion 470, but also the symbolic 1llustrations 82
to 86 for operation guide, which are provided 1 imitation of
arrow keys and serve as aids for the operator when changing
the sub-category information with key manipulation made
on the operating portion 470. Even with an increase in the
number of kinds of information to be displayed, therefore,
the operator can easily change the information displayed in
the main display area 1000 with key manipulation made on
the operating portion 470.

Third Embodiment

A third embodiment of the present mvention will be
described with reference to FIG. 39.

While the control units and the monitoring units are
connected to the information display unit via one common
communication line in the first and second embodiments, the
control units and the monitoring units are connected to the
information display unit via respective independent com-
munication lines 1n this embodiment.

In FIG. 39, the first to fourth control units 17, 23, 33, 37
and the first and second monitoring units 45, 46 are con-
nected to the imformation display unit 47 via individual
communication lines 90 to 95, respectively. The information
display unit 47 transmits and receives data to and from the
control units and the monitoring units via the communica-
tion lines 90 to 95. The information display unit 47 com-
prises an operating portion 470, a display control portion
471, and a display portion 472 (FIG. 2) that are similar to
those 1n the first and second embodiments.

This third embodiment can also provide the similar
advantages to those obtainable with the first and second
embodiments.

Fourth Embodiment

A fourth embodiment of the present immvention will be
described with reference to FIGS. 40 to 56. While the screen
image displayed on the screen of the display portion of the
information display unit (i.e., the displayed screen image) is
divided into the main display area and sub-display area in
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the first and second embodiments, the displayed screen
image 1S not so clearly divided into areas in this fourth
embodiment so that the sub-screen has flexibility 1n position
at which 1t 1s displayed.

FIGS. 40 to 43 correspond respectively to FIGS. 5, 4, 6
and 7 described above 1 connection with the first embodi-
ment. In FIG. 40, the screen 472a of the display portion 472
(see FIG. 2) displays a screen image comprising one main
screen 3001 and sub-screens 4001, 4002, 4003, 4004 in the
same number as the information categories. In FIG. 41, the
screen 472a displays a screen 1mage comprising one main
screen 3002 and sub-screens 4003, 4004, 4005, 4006 1n the
same number as the information categories. In FIG. 42, the
screen 472a displays a screen 1mage comprising one main
screen 3003 and sub-screens 4001, 4004, 4006, 4007 1n the
same number as the information categories. In FIG. 43, the
screen 472a displays a screen 1mage comprising one main
screen 3004 and sub-screens 4001, 4003, 4006, 4008 in the
same number as the information categories. The main
screens 3001 to 3004 are cach not defined by definite
boundary lines, and a screen area other than the sub-screens
SErves as a main Screen area.

It 1s assumed that, as with the second embodiment, four
categories, 1.€., the meter information (category A), the body
attitude information (category B), the working information
(category (), and the abnormality warning information
(category D), are set as the information categories to be
displayed, and that the body attitude information of category
B and the working information of category C have respec-
five sub-categories similarly to the second embodiment.

The main screens 3001 to 3004 display information of the
categories A to D 1n detail, respectively.

The sub-screens 4002, 4005, 4007, 4008 corresponding to
the information categories, for which information 1s dis-
played in detail in the main screens 3001 to 3004, display the
names of the corresponding information categories. The

other sub-screens 4001, 4003, 4004 (FIG. 40), 4003, 4004,
4006 (FIG. 41), 4001, 4004, 4006 (FIG. 42), and 4001, 4003,
4006 (FIG. 43) display information of the corresponding
information categories 1n the simplified form.

More specifically, the sub-screen 4002 1n FIG. 40 displays
characters “Body Attitude” of the information category B,
and the sub-screens 4001, 4003, 4004 display respectively
the meter information, the working information and the
abnormality warning information in the stmplified form. The
sub-screen 4005 1 FIG. 41 displays characters “Meter
Information” of the information category A, and the sub-
screens 4003, 4004, 4006 display respectively the working
information, the abnormality warning information and the
body attitude information in the simplified form. The sub-
screen 4007 1n FIG. 42 displays characters “Working Infor-
mation” of the information category C, and the sub-screens
4001, 4004, 4006 display respectively the meter
information, the abnormality warning information and the
body attitude information in the simplified form. The sub-
screen 4008 1n FIG. 43 displays characters “Failure History”
of the mformation category D, and the sub-screens 4001,
4003, 4006 display respectively the meter information, the
working information and the body attitude information in

the simplified form.
Further, in FIGS. 40 to 43, a cursor 3080 1s displayed to

be positioned 1n the sub-screens 4002, 4005, 4007, 4008 1n
which the names of the corresponding information catego-
ries are displayed. In the 1llustrated example, the cursor 3080
1s displayed 1n the form of an 1mage in which each of the

sub-screens 4002, 4005, 4007, 4008 1s trimmed with thick
lines. Alternatively, the cursor may be displayed by blinking
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the sub-screens 4002, 4005, 4007, 4008, or by changing the
color tone of the sub-screens 4002, 4005, 4007, 4008 so that
cach sub-screen can be discriminated from the other area.

Which one of the main screens 3001 to 3004 1s selected
(i.c., which one of the information categories is displayed on
the main screen in detail) 1s decided by moving the cursor
3080. The operator 1s able to move the cursor 3080 using an
operating portion 470A shown 1n FIG. 44. The operating
portion 470A 1s the same as the operating portion 470 shown
in FIG. 2 except that a decision key 470g 1s additionally
provided at the center of the arrow keys 470a, 4705, 470c,
470d. Arrows indicated in the arrow keys 470a, 470b, 470c,
4'70d correspond to respective directions 1in which the cursor
3080 1s moved.

Manipulations made by the operator for changing and
selecting the main screen (information category displayed in
detail) will be described with reference to FIGS. 45 to 47.

A description 1s first made of the case of changing the
screen 1mage from one shown 1n FIG. 40 to another shown
in FIG. 41.

In FIG. 40, the cursor 3080 1s positioned 1n the sub-screen
4002 as described above. When the operator depresses the
rigchtward arrow key 470d on the operating portion 470A 1n
that condition, the cursor 3080 1s moved to the sub-screen
4001 as shown 1n FIG. 45. When the operator depresses the
decision key 470g on the operating portion 470A 1n that
condition, the displayed screen image 1s changed as shown
in FIG. 41. Specifically, the main screen 3001 1s changed to
the main screen 3002. At the same time, the sub-screen 4002
that has been so far displayed 1s changed to the sub-screen
4005, the sub-screen 4001 disappears, and the sub-screen
4006 appears. Further, the cursor 3080 1s moved to the
sub-screen 40035.

Change from the screen 1mage shown 1n FIG. 40 to that
shown 1n each of FIGS. 42 and 43 1s performed 1n a similar
manner.

More specifically, when the operator depresses the right-
ward arrow key 470d on the operating portion 470A and then
the downward arrow key 470b 1n the screen condition shown
in FIG. 40, the cursor 3080 1s moved to the sub-screen 4003
as shown m FIG. 46. When the operator depresses the
decision key 470g on the operating portion 470A 1n that
condition, the screen image 1s changed as shown 1n FIG. 42.
Specifically, the main screen 3001 1s changed to the main
screen 3003. At the same time, the sub-screen 4002 that has
been so far displayed 1s changed to the sub-screen 4007, the
sub-screen 4003 disappears, and the sub-screen 4006
appears. Further, the cursor 3080 1s moved to the sub-screen
4007.

Also, when the operator depresses the downward arrow
key 470b on the operating portion 470A 1n the screen
condition shown 1n FIG. 40, the cursor 3080 1s moved to the
sub-screen 4004 as shown in FIG. 47. When the operator
depresses the decision key 470g on the operating portion
470A 1n that condition, the screen 1mage 1s changed as
shown 1n FIG. 43. Specifically, the main screen 3001 1is
changed to the main screen 3004. At the same time, the
sub-screen 4002 that has been so far displayed 1s changed to
the sub-screen 4008, the sub-screen 4004 disappears, and the
sub-screen 4006 appears. Further, the cursor 3080 1s moved
to the sub-screen 4008.

A description 1s now made of procedures for selecting and
changing the sub-categories of the category B and the
category C.

FIG. 48 shows a state after shifting to the sub-category
(hierarchy 2) of the category B from the screen image of
FIG. 40 mn which the body attitude information of the
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category B 1s displayed on the main screen 3001. When the
operator depresses the decision key 470¢ on the operating
operation 470A 1n the screen condition shown in FIG. 40, the
screen 1mage 1s changed, as shown 1n FIG. 48, such that a
menu screen 4010 for the sub-categories appears 1n a partly
overlapped relation to the sub-screen 4002. The menu screen
4010 has two 1tems “Bucket Monitoring” and “Front Moni-
toring”. “Bucket Monitoring” corresponds to the informa-
tion of the bucket attitude and body attitude 1100, 1101,
1102 that are currently displayed on the main screen 3001.
“Front Monitoring” corresponds to the information of the
working device attitude 1103 shown 1n FIG. 16. Further, a
sub-cursor 3081 1s positioned at the 1item “Bucket Monitor-
ing” to 1indicate that the body attitude mnformation currently
displayed on the main screen 3001 is the information of the
bucket attitude and body attitude 1100, 1101, 1102.

When the operator depresses the downward arrow key
470b on the operating portion 470A 1n the screen condition
shown 1n FIG. 48, the screen 1mage 1s changed as shown 1n
FIG. 49. Specifically, the sub-cursor 3081 in the menu
screen 4010 1s moved from the item “Bucket Monitoring”™ to
“Front Monitoring”, and the information of the working
device attitude 1103 1s displayed on the main screen 3001.

When the operator depresses the decision key 470g on the
operating portion 470A 1 the screen condition shown in
FIG. 49, the screen 1image 1s changed as shown 1n FIG. 50.
Specifically, the menu screen 4010 for the sub-categories
disappears, and only the sub-screen 4002 1s displayed.
Comparing FIG. 50 with FIG. 40, the body attitude infor-
mation displayed on the main screen 3001 1s changed from
the bucket attitude and body attitude information 1100,
1101, 1102 to the working device attitude information 1103.

FIG. 51 shows a state after shifting to the sub-category
(hierarchy 2) of the category C from the screen image of
FIG. 42 in which the working information (working time
information) of the category C is displayed on the main
screen 3003. When the operator depresses the decision key
470g on the operating portion 470A 1n the screen condition
shown 1n FIG. 42, the screen 1image 1s changed, as shown 1n
FIG. 51, such that a menu screen 4020 for the sub-categories
(hierarchy 2) appears 1n a partly overlapped relation to the
sub-screen 4007. The menu screen 4020 has two items
“Accumulated Working Time” and “Frequency Distribution
Table”. “Accumulated Working Time” corresponds to the
respective information of the key-on time 1300, the engine-
on time 1301, the excavation time 1302, the travel time
1303, the swing time 1304, the ML crane operating time
1305, and the attachment operating time 1306 that are
currently displayed on the main screen 3003. “Frequency
Distribution Table” corresponds to the respective informa-
fion of the engine revolution speed frequency distribution
1307, the cooling water temperature frequency distribution
1308, the hydraulic fluid temperature frequency distribution
1309, the excavation load frequency distribution 1310, and
the pump load frequency distribution 1311 that are shown 1n
FIGS. 18 to 22. Further, the sub-cursor 3081 1s positioned at
the 1tem “Accumulated Working Time” to indicate that the
working information currently displayed on the main screen
3003 1s the accumulated working time information 1300 to
1306. A symbolic 1illustration 87 for operation guide 1s
displayed at the 1tem “Frequency Distribution Table™, and 1s
designed 1n 1mitation of the leftward key arrow 470d on the
operating portion 470A.

When the operator depresses the downward arrow key
470b on the operating portion 470A 1n the screen condition
shown 1 FIG. 51, the screen 1mage 1s changed as shown 1n
FIG. 52. Specifically, the sub-cursor 3081 in the menu
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screen 4020 1s moved from the 1tem “Accumulated Working
Time” to “Frequency Distribution Table”, and the engine
revolution speed frequency distribution 1307 1s displayed on
the main screen 3003.

When the operator depresses the decision key 470g on the
operating portion 470A 1 the screen condition shown 1in
FIG. 52, the screen 1image 1s changed as shown 1n FIG. 53.
Specifically, a menu screen 4030 for lower sub-categories
(hierarchy 3) appears on the right side of the item “Fre-
quency Distribution Table” in the menu screen 4020. The
menu screen 4030 has items “Engine Revolution Speed”,
“Water Temperature”, “Hydraulic Fluid Temperature”,
“Excavation Load”, and “Pump Load”. These items corre-
spond respectively to the engine revolution speed frequency
distribution 1307, the cooling water temperature frequency
distribution 1308, the hydraulic fluid temperature frequency
distribution 1309, the excavation load frequency distribution
1310, and the pump load frequency distribution 1311 that are
shown 1n FIGS. 18 to 22. Further, the sub-cursor 3082 1s
positioned at the item “Engine Revolution Speed” to indi-
cate that the frequency distribution table displayed on the
main screen 3003 1s the engine revolution speed frequency
distribution 1307.

When the operator depresses the downward arrow key
470b on the operating portion 470A twice in the screen
condition shown 1n FIG. 53, the screen 1image 1s changed as
shown 1 FIG. 54. Specifically, the sub-cursor 3082 in the
menu screen 4030 1s moved from the 1tem “Engine Revo-
lution Speed” to “Hydraulic Fluid Temperature”, and the
hydraulic fluid temperature frequency distribution 1309 is
displayed on the main screen 3003.

When the operator depresses the decision key 470g on the
operating portion 470A 1 the screen condition shown 1in
FIG. 54, the screen 1image 1s changed as shown 1n FIG. 585.
Specifically, the menu screen 4030 for lower sub-categories
of the hierarchy 3 disappears, and the sub-screen 4007 and
the menu screen 4020 for the hierarchy 2 are displayed.
Comparing FIG. 55 with FIG. 52, the working information
displayed on the main screen 3003 1s changed from the
engine revolution speed frequency distribution 1307 to the
hydraulic fluid temperature frequency distribution 1309.

When the operator depresses the decision key 470¢ on the
operating portion 470A 1 the screen condition shown 1n
FIG. 55, the screen 1mage 1s changed as shown 1n FIG. 56.
Specifically, the menu screen 4020 for the sub-categories
disappears, and only the sub-screen 4007 i1s displayed.
Comparing FIG. 56 with FIG. 42, the working information
displayed on the main screen 3003 1s changed to the hydrau-
lic fluid temperature frequency distribution 1309 from the
respective information of the key-on time 1300, the engine-
on time 1301, the excavation time 1302, the travel time
1303, the swing time 1304, the ML crane operating time
1305, and the attachment operating time 1306.

This fourth embodiment having the above-described con-
struction can also provide the similar advantages to those
obtainable with the first and second embodiments.

In the fourth embodiment, when the main screens 3001 to
3004 1s changed from one to another, the sub-screens 4002,
4005, 4007, 4008 cach displaying the name of the informa-
tion category, for which information 1s displayed 1n detail in
corresponding one of the main screens 3001 to 3004, are
always displayed 1n the same upper left position of the
screen 1mage, and the sub-screens 4001, 4003, 4004, 4006
cach displaying the information 1n the simplified form, other
than the information category, for which information 1is
displayed in detail in corresponding one of the main screens
3001 to 3004, arc always displayed in the same respective
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positions for every category. However, display positions of
those sub-screens may be changed as appropriate. For
example, when the screen image of FIG. 54 1s changed to the
screen 1mage of FIG. 41 with depression of the decision key
470g, the sub-screen 4006 displaying the body attitude
information of the category B 1n the simplified form may be
displayed in the position at which the sub-screen 4001
displaying the meter mformation of the category A 1n the
simplified form has been so far displayed. Alternatively, 1t
may be displayed 1n a place where a free widest space 1s
available in the entirety of the screen 1mage, after seeking
such a place.

Further, positions of the sub-screens 4001 to 4008 may be
moved with proper combination of key manipulations made
on the operating portion 470A 1n a like manner to dragging
common 1n computer operations.

Additionally, 1n the first to fourth embodiments described
above, the plurality of sub-screens are provided respectively
corresponding to the plurality of information categories A,
B, C, D. However, since the sub-screen corresponding to the
information category, for which information 1s displayed 1n
detail 1n the main screen, 1s mainly intended to display the
name of the mformation category, only character informa-
fion may be displayed instead of displaying the sub-screen
in the form of a rimmed box.

Industrial Applicability

According to the present mnvention, plural kinds of infor-
mation can be displayed in a combined and selective
manner, and an operator 1s able to confirm the information
with higher efficiency.

What 1s claimed 1s:

1. An information display unit for a construction machine,
said information display unit being provided inside a cab (6)
of a construction machine (1) and having a display portion
(472, 472a) capable of displaying plural kinds of informa-
tion 1ncluding body information and maintenance
imnformation,

wherein a screen 1mage displayed on said display portion
(472, 472a) comprises one main screen (1001-1004;

3001-3004) and a plurality of sub-screens (2001-2008;
4001-4008);

said main screen displays information regarding one of a
plurality of information categories (A, B, C, D) in
detail;

said plurality of sub-screens correspond to at least the
information categories other than the information
category, for which information 1s displayed on said
main screen 1n detail, and display information regard-
ing the corresponding information categories 1n the
simplified form; and

input means (470) for selecting and changing the infor-
mation category to be displayed on said main screen 1s
provided, whereby with manipulation of said input
means, information regarding the category displayed 1n
one of said plurality of sub-screens 1s displayed on said
main screen 1n detail and information regarding the
category, which has been so far displayed on said main
screen, 1s displayed 1n arbitrary one of said plurality of
sub-screens 1n the simplified form.

2. An information display unit for a construction machine
according to claim 1, wherein said main screen (1001-1004;
3001-3004) has a size occupying a substantial proportion of
said display portion (472, 472a), and said plurality of
sub-screens (2001-2008; 4001-4008) are smaller than said
main screen.

3. An information display unit for a construction machine
according to claim 1, wherein said plurality of sub-screens
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(2001-2008; 4001-4008) display typical information con-
tained 1n the corresponding information category.

4. An information display unit for a construction machine
according to claim 1, wherein at least one (B, C) of said
plurality of information categories (A, B, C, D) includes
combination of plural i1tems of sub-category information
belonging to the relevant information category, said main
screen (1001, 1003; 3001, 3003) selectively displays at least
one of said plural items of sub-category information, and the
sub-category information displayed on said main screen 1s
selected and changed with manipulation of said input means
(470).

5. An mmformation display unit for a construction machine
according to claim 1, wherein a screen 1image displayed on
said display portion (472, 472a) has a main display area
(1000) and a sub-display area (2000) that are located in
preset positions, said main display area displaying said main
screen (1001-1004), said sub-display area (2000) displaying
said plurality of sub-screens (2001-2008), and said plurality
of sub-screens are disposed respectively corresponding to
said plurality of information categories (A, B, C, D).

6. An information display unit for a construction machine
according to claim 35, wherein one of said sub-screens
(2001-2008) in said sub-display area (2000) corresponding
to one of said information categories (A, B, C, D), for which
information 1s displayed on said main screen (1001-1004) in
said main display area (1000) in detail, displays symbolic
illustrations (80, 81) for operation guide, which are in
imitation of arrow keys and serve as aids for changing said
information categories (A, B, C, D) from one to another with
manipulation of said input means (470).

7. An information display unit for a construction machine
according to claim 5, wherein said plurality of sub-screens
(2001-2008) 1n said sub-display areca (2000) serve as index
tags for said information categories (A, B, C, D) displayed
on said main screen (1001-1004) in said main display area
(1000), and are designed with layout in imitation of index
tags for said main display area.

8. An information display unit for a construction machine
according to claim §, wherein at least one (B, C) of said
plurality of information categories (A, B, C, D) includes
combination of plural items of sub-category information
belonging to the relevant information category, and said
main screen (1001, 1003) in said main display area (1000)
selectively displays at least one of said plural items of
sub-category imnformation; and

wherein the sub-category information displayed on said
main screen 1s selected and changed with manipulation

of said input means (470).
9. An information display unit for a construction machine
according to claim 8, wherein when at least one of said
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plural items of sub-category information 1s displayed on said
main screen (1001, 1003) in said main display area (1000),
one of said sub-screens (2002, 2007) in said sub-display area
(2000) corresponding to the information category, to which
the displayed sub-category information belongs, displays
symbolic illustrations (80, 81) for operation guide, which are
in 1mitation of arrow keys and serve as aids for changing the
information category with manipulation of said input means
(470), and said one sub-screen and said main display area
display symbolic illustrations (82, 85) for operation guide,
which are 1n 1mitation of arrow keys and serve as aids for
changing the sub-category information with manipulation of
said mput means.

10. An information display unit for a construction
machine according to claim 1, wheremn said plurality of
information categories include at least meter mnformation
and abnormality warning information (D).

11. A display control unit for an information display unit
(47) for a construction machine, said information display
unit being provided inside a cab (6) of a construction
machine (1) and having a display portion (472, 472a)
capable of displaying plural kinds of information including
body mmformation and maintenance information, said display
control unit comprising:

processing control means (470, STEP 1004, 1005, 1006)
for performing control such that a screen 1mage dis-
played on said display portion (472, 472a) of said

information display unit (47) comprises one main
screen (1001-1004; 3001-3004) and a plurality of

sub-screens (2001-2008; 4001-4008), said main

screen displays information regarding one of a plurality
of information categories (A, B, C, D) in detail, and
said plurality of sub-screens correspond to at least the
information categories other than the information
category, for which information i1s displayed on said
main screen 1n detail, and display information regard-

ing the corresponding information categories in the
simplified form; and

changing means (470, STEP 1002, 1003) operating such
that when input means (470) for selecting the informa-
tion category to be displayed on said main screen is
manipulated, information regarding the category dis-
played 1n one of said plurality of sub-screens 1s dis-
played on said main screen 1n detail and information
regarding the category, which has been so far displayed
on said main screen, 1s displayed 1n arbitrary one of
said plurality of sub-screens 1n the simplified form.
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